Abstract Gastrointestinal nematodes (GINs) of ruminants are prevalent and have major economic impacts worldwide.
Introduction
Gastrointestinal nematodes of the ruminants' livestock are highly complex multicellular parasitic organisms that cause gastroenteric verminosis (McRae et al. 2015; Belina et al. 2017) . The nematode infections usually elicit serious pathophysiological disorders causing significant economic losses in livestock. They cause severe anemia, loss of appetite and poor growths, consequently lead to losses in meat, milk and wool production and sometimes deaths occur (González et al. 2003; Toscan et al.2017) . The life cycle of nematode parasites consists of two phases, preparasitic (free-living) and parasitic. The pre-parasitic phase takes place in the environmental surroundings, while the parasitic phase occurs inside the susceptible host. The vast majority of nematode' life cycles consists of egg, five larval (L) stages; L1, L2, L3, L4 and L5 and adult stage. The third larval stage is the infective stage that penetrates the intestinal mucosa and matures to L4 then L5 (immature adult stage) and finally to adult stage. The successful infection is contributed to health status and immunity of the infected hosts (Angulo-Cubillán et al. 2007; Kandil et al. 2017) .
Both the innate and adaptive immune responses are the classical pathways to kill and/or expel the parasitic nematode or to exacerbate a disease. Once the gastrointestinal mucosal tissues are penetrated by the larvae of nematodes, the interaction between epithelial cells, innate lymphoid cells (ILCs), antigen-presenting cells (APC) such as dendritic cells and intestinal macrophages are stimulated to generate an immune response in co-regulation with complement fixation and mucus secretions to resist the primary infection (Garza 2014; McRae et al. 2015) . Subsequently, to control the further secondary infections the specific adaptive immune mechanisms are triggered.
The antigen specific immune mechanisms (processing and presentations) induce both humeral and cellular immunity. Th2 lymphocytes coordinate the humoral immune response which secrete the main cytokines IL3, IL4, IL5, IL9, IL10 and IL13 (Abo-Aziza et al. 2017; EL Namaky et al. 2017; Rodrigues et al. 2017) . T-helper 2 cytokines drive the effector cell mechanisms which include eosinophils and mast cells. Additionally, the immunity against GINs is typically associated with different Ig isotypes (IgA, IgE and IgG) responses. IgA and IgE are the most characteristic features at the local mucosal sites of helminth infections, however IgG is predominantly detected in serum of infected animals (Angulo-Cubillán et al. 2007; McRae et al. 2015; Kandil et al. 2016) .
This host-parasite relationship is manifested by different phenomena as hypobiosis of larval stages, expulsion of adult stages, decreasing adult female fecundity, changes in morphological characters of the adult. Several factors could affect GINs parasitism and influence the immune responses developed against them. These factors could be a host factor; related to its genetic constitution, age and/or physiological status, management factors such as nutrition and chemoprophylaxis therapy or parasite factors which contributed to nematode immunomodulation strategy (Balic et al. 2000; González et al. 2003; McRae et al. 2015; González-Garduño et al. 2017) .
Hence, this review aimed to understand GINs-ruminants relationship and the effector immune strategies developed against them. This fundamental understanding highlights the right way to diagnose and control GINs infections in ruminants.
Gastrointestinal nematodes of ruminants
GINs are the major constraint to health, productivity and welfare of ruminants. Most species of these nematodes are related to order Strongylida, family Trichostrongyloidea. Most prevalent genera which infect small and large ruminants include Haemonchus, Cooperia, Ostertagia, Teladorsagia, Bunostomum, Trichostrongylus, Oesophagostomum, Chabertia, Nematodirus, Protostrongylus and Trichuris (Amarante and Amarante 2016; Belina et al. 2017) . They usually habituate abomasum, small intestine and some lesser extent to large intestine. In general, the species of GINs are bounded to one host species. Nonetheless, particular exclusions are found among different ruminants such as Trichostrongylus axei (T. axei) and Haemonchus placei (H. placei) which is found in cattle and sheep. Haemonchus longistipes (H. longistipes) is a nematode of camel, but it can infect goats (Elshahawy et al. 2014 ).
In Egypt, most prevalent GINs in sheep and goat populations are H. contortus, T. axei, Bunostomum spp., Strongyloides papillosus (S. papillosus), Nematodirus spp., Ostertagia trifurcata, Chabertia spp. and Trichuris ovis (Khalafalla et al. 2011; Al-Gaabary et al. 2012; Elshahawy et al. 2014; Al-Aboody and Omar 2016) . In cattle and buffaloes, Cooperia spp., Haemonchus spp., T. axei, Oesophagostomum spp., S. papillosus and Ostertagia spp. are usually found (Sobhy 2005; Al-Aboody and Omar 2016) . In camels, nematode helminths are presented by H. longistipes, Trichostrongylus spp., Strongyloides spp., Trichuris spp., and Nematodirus spp. (Mahmoud et al. 2008; Abdel-Rady 2014) . Although the nigh phylogenetic relationship between GINs species, there are some differences related to intestinal niches and/or period of larval developmental strategy that influence the immune responses induced against these nematodes. Life cycles of the diverse GINs are simple and direct. After ingestion of the infective L3, they lose their protective sheath and penetrate mucosa of gastro-intestinal tract depending on which nematode is involved (Balic 1999; Miller and Horohov 2006) . They reach maturity in mucosal and submucosal membranes to L4 and L5 stages and then return to the lumen. The mature adult stages laid eggs which disseminated with the fecal matter of infected host. Several defense mechanisms are induced by the infectious nematode parasites and series of activities occurred and mediated by particular components such as cytokines, eosinophils, mast cells and antibodies. Most of prepatent periods of different GINs ranged from 18 to 21 days but it may be extended to a longer period of stopped larval developmental stages called hypobiosis which may be triggered by host's immune response (Miller and Horohov 2006; Angulo-Cubillán et al. 2007 ).
The immune responses triggered against gastrointestinal nematodes
During gastrointestinal nematode infections, the host's immune system and infectious nematodes orchestrate different series of defense mechanisms (Grencis et al. 2014) . Humeral, cellular immune responses and immunomodulatory mechanisms are induced and subsequently resulted in resistance to host, resilience of negative effects developed and/or creation of the disease (Zvinorova et al. 2016) .
Gastrointestinal mucosal immunity
Concerning the non-specific and specific arms of immunity, the gastrointestinal tract is covered with a mucus layer which is considered the first line of defense against GINs. This mucus layer is formed from high molecular weight glycoproteins called mucin which is normally secreted by goblet cells. Thus, nematodes have to pass through this physical barrier to reach epithelial tissue (Grencis et al. 2014) .
Once the infective L3 stages infect their susceptible hosts, they unsheathe their protective sheath and penetrate mucosa of the intestinal niche. After 1-2 days, they evolve into L4 stage which matures to L5 (immature adult stage) within 2-3 days and then evolve to adult stage in the lumen of gastrointestinal tract (Miller and Horohov 2006; McRae et al. 2015 Fig. 1 ). Thus, these processes elicit type 1 hypersensitivity reaction and eosinophils and mucosal mast cell effector mechanisms (Meeusen et al. 2005; Komai-Koma et al. 2011; Allen and Sutherland 2014; Garza 2014) .
Epithelial cells express and secrete galectins (Gal-15) which are carbohydrate binding molecules. These molecules firming cellular adhesion on nematode surface and interact with the mucin. This interaction results in increasing mucus viscosity thus impairing movement of the nematode parasite (Meeusen et al. 2005) . Additionally, alternate complement pathway is activated by infective larval antigen that binds some opsonins on its surface. Thus, C3a and C5a chemotactic peptides complement are generated and promote the recruitment of eosinophils to site of infection which induce inflammatory responses (Angulo-Cubillán et al. 2007; Garza 2014) .
Moreover, lymph nodes are incorporated in mucosal immunity where APC are activated and played a particular role in antigen recognition and presentation. Thus, a secondary infection could induce faster and potent local immune response (González et al. 2003) .
Antigen recognition and presenting cells
Dendritic cells and macrophages are type of innate immunity cells which known as APC. They are the 
Effector cell mechanisms
Effector immune paradigms involve GINs infection are usually expressed by eosinophil infiltration, MMC hyperplasia and Th2 immune strategies (Huang and Appleton 2016) (Fig. 1) .
Role of eosinophils
Eosinophilia (increasing in number of eosinophils in peripheral blood circulation and tissue), is a typical sequence of parasitic infections (Shin et al. 2009 ).
The activated eosinophils release IL-4, IL-5, IL-6, IL-10, and IL-13 thus regulate B cell for IgE differentiation (Souza et al. 2015) . Also, various chemokines are secreted by eosinophils as eotaxin-1 which strengths eosinophils infiltration, monocyte basic protein that regulate mast cells and galectins (Gal-14) which interact with Gal-15 to strength adhesion of cells on parasite surface (Meeusen et al. 2005; Souza et al. 2015) .
Many authors investigated the immune response developed against GINs via estimation of the effector cells level in blood or tissue of the infected host during course of infection. The susceptible sheep group infected with H. contortus presented lower eosinophils count accompanied with higher worm burden than the resistant group (Shakya et al. 2009; Ortolani et al. 2013 ). The primary infections in immunized sheep induce more rapid tissue eosinophilia with closer association to tissue larvae when compared to repeated infection; the eosinophilia was restricted to presence of challenge larvae (Balic et al. 2002 (Balic et al. , 2006 . As an effector cell, eosinophils play a crucial role in parasite killing. Induction of eosinophil degranulation in order to release their secondary granular proteins such as major basic protein, eosinophil cationic protein, eosinophil peroxidase, and eosinophil neurotoxin is dependent on IL5, C5a and IgA stimuli (Shin et al. 2009; Garza 2014) (Table 1 ). The larvae associated with eosinophil showed marked losses in internal integrity and distortion to circular sheath in transmission electron microscope sections (Balic et al. 2006 ). However, the effective mechanisms that expel worms from intestine differ among infectious nematode (Gebreselassie et al. 2012) .
On the other hand, there is non-significant relation between tissue eosinophilia and worm burden of Teladorsagia circumcincta (T. circumcincta) infection in sheep and this result differs from that immune responses triggered against H. contortus (Henderson and Stear 2006). Consequently, the immune response could move forward other immunological pathways.
Role of mucosal mast cells and globule leucocytes
Mucosal mast cells and globule cells hyperplasia (increasing number of cells) occur at intestinal mucosal layer in particular to GINs infection (Balic et al. 2000) . Mast cells are granular leucocytes that have a specific receptor (FceR1) on its surface for IgE binding and granules contain specific mediators that induce type I hypersensitivity and stimulate parasitic expulsion such as histamine, serotonin, proteinases, prostaglandins, leukotrienes, 5-hydroxy tryptamine and bradykinin (Abraham and St. John 2010). As well as, they release cytokines; as IL4, IL5 and IL6 that act as pro-eosinophilic factor, stimulate enteric nerves, regulate IgA production and induce T helper immune response. Mastocytosis is triggered either by an antigenic parasite stimulus in particular at primary infection or by IL-3 and IL-9 Th2 cytokines as a secondary adaptive immune response (Dawicki and Marshall 2007; McRae et al. 2015) . Degranulation of this activated MMC is dependent on IgE binding to its receptor. Subsequently, these released mediators induce immediate hypersensitivity thus increase permeability of the mucus membrane at site of infection, enabling transmission of complement and antibodies to niche lumen, activate mucus secretion, stimulate enteric nerves and smooth muscles contraction resulting in flushing and expulsion of intestinal nematodes (Dawicki and Marshall 2007; Abraham and St. John 2010; McRae et al. 2015) (Table 1) .
Mast and globule cells particularly reflect the immune status of the host against GINs infections. In previous studies, authors recorded that globule cells and MMC are indicator of H. contortus infection in both breeds (Native and Suffolk) of sheep (Shakya et al. 2009; Ortolani et al. 2013) . They are found in high level on day 7 post infection and associated with worm number reduction (Garza 2014). However, MMC and globule leucocytes activity may differ between ruminant's species. Infected goats with T. circumcincta and Trichostrongylus vitrinus showed more globule leucocytes than MMC compared to sheep when were challenged with the same nematodes (Huntley et al. 1995) . Unfortunately, degranulation of MMC couldn't mimic its count, because they lose their granules after its activation, thus the reliable monitoring assay to estimate activity of MMC is measuring of the released chymotrypsin-like proteases in serum and intestinal mucus (Rothwell 1989; Miller 1996) . On contrary, the increased globule and MMC numbers in abomasal mucosa are negatively correlated with recruitment of eosinophil numbers and larval stages of GINs particularly during primary infection at day 7, 15 and 28 post infection, but it is apparent at day 3 post infection in previously infected animals (Lacroux et al. 2006; Balic et al. 2006) . Therefore, the secondary infection is almost orchestrated by Th2 lymphocyte and their released cytokines.
T-Helper 2 and their cytokine mediators
There are different types of T lymphocytes; CD4, CD8 and c b subsets which played a vital role in host immune defense mechanisms. The c b lymphocytes were previously known as non-B non-T lymphocytes. They are abundantly established in blood of ruminants and locate in intestinal epithelium, consequently have important role in immune response to GINs. The CD8 lymphocytes play main role as cytotoxic T cells against intracellular pathogens or damaged cells (McRae et al. 2015) . CD4 T-Lymphocytes cells recognize specific antigens with MHC class II molecules. It is divided into 3 subpopulations; Th1, Th2 and Th17 or named regulatory T cell (Treg cells). Th1 releases IFN-c, IL-2 and TNF-b and usually incorporated the defense mechanism against intracellular pathogens, induce propagation of CD8 lymphocytes and activate macrophages in particular during GINs infection (Sorci et al. 2013; McRae et al. 2015) .
At early stage of helminth infection, Th1 lymphocytes stimulated by IL-12 which produced by dendritic cells and macrophages. These activated Th1 lymphocytes release TNF-a and coordinate the cellular immune response. However, with the progression of infection, the strong Th2 polarization induced by these helminths, and the consequent downregulation of the Th1 profile (Abo-Aziza et al. 2017; Rodrigues et al. 2017) .
Th2 lymphocytes produce IL3, IL-4, IL-5, IL-9, IL-10 and IL-13 and coordinates immune response that developed against GINs (Meeusen et al. 2005; Angulo-Cubillán et al. 2007; McRae et al. 2015) . The immune response regulation is dependent on type of the expressed cytokine profile in the course of infection (Ortolani et al. 2013) . A vast majority of previous literatures investigated the role of different ILs that regulate immune responses to GINs in ruminants (Fig. 1) .
For instance, primary and previously infected sheep with H. contortus showed high level of IL-4 mRNA that expressed in the lymph node and mucosa of their abomasa and gradually increased from 7 dpi and 3 dpi to 28 dpi, respectively, thus increase recruitment of sensitive effector cells (Lacroux et al. 2006 ). On the other hand, the intestinal lymph node cells of sheep infected with T. colubriformis showed IL5 and IL13 expression which have the same signaling to induce infiltration of eosinophils and MMC hyperplasia (Pernthaner et al. 2005 ). IL13 plays a role in mucus production and regeneration of intestinal epithelium during GINS infections and along with IL9 can promote activation of MMC. As well as, Th2 cytokines have pivotal role in differentiation of Ig produced during infection with nematodes. In sheep, IL5 induces eosinophilia and at the same time promotes IgA production, while IL4 induces switching of induced B cell to produce IgE subclass (Finkelman et al. 1988; Harriman et al. 1988; McRae et al. 2015) . In cattle, IL4 and IL13 trigger IgG1 and IgE production, however IFN-c and IL18 induce switching of IgG2 differentiation (Estes and Brown 2002).
On the other hand, the triggered Th2 immune response is regulated and controlled by Treg cell through secretion of IL17 and IL21 (McRae et al. 2015) (Table 1) .
B-Cell (antibody) immune response
T helper 2 lymphocytes and their secreted cytokines profiles; IL4, IL5, IL10 and IL13 particularly induce appropriate Ig isotypes; IgA, IgE, and IgG production and switching during GINs infection (Estes and Brown 2002; Angulo-Cubillán et al. 2007; McRae et al. 2015) . These antibodies subclasses are dependably produced by activated B cells either in primary or secondary infections. Each antibody isotype has a specific role in defense mechanism triggered against GINs infections and their increased logarithmic level occur within 7-14 days post infection (Lacroux et al. 2006) .
IgA is usually secreted locally at intestinal mucosa and also, can be detected in serum of infected animal. The role of the local IgA immune response has been showed in T. circumcincta infected sheep, where the production of local IgA against somatic or L4 excretory secretory products resulted in reduced fecundity and length of worms (Halliday et al. 2007; McRae et al. 2014) . In addition, H. contortus-specific IgA in association with other factors as Gal-11 and Gal-14 could increase eosinophils adherence and reduce nematode motility in response to infection (Lacroux et al. 2006) . Ostertagia-specific IgA antibodies increase in the serum of calves either they are artificially or naturally infected with Ostertagia spp. (Balic et al. 2000) . Also, IgA activity which developed against GINs (Mecistocirrus digitatus and Cooperia punctate) showed differences among different breeds of cattle. The Brangus and Brown Swiss breeds had higher IgA activity than Guzerat breed. The animals that showed high level of IgA levels in their sera indicate a high level of resistance against GINs infection (González-Garduño et al. 2017) .
The immune responses triggered against GINs infections are predominantly associated with IgE-mediated immediate hypersensitivity response at intestinal mucosal niche. IgE plays an important role in inducing degranulation of MMC. In previous literatures, many authors stated that elevation of IgE serum antibodies has been observed during infection with H. contortus (Kooyman et al. 2000) , T. colubriformis (Shaw et al. 1998) and T. circumcincta (Pettit et al. 2005) . Moreover, IgE level in cattle during Ostertagia ostertagi (O. ostertagi) infections is elevated (Gasbarre et al. 2001) .
The specific IgG response developed against GINs challenge is predominantly found in sera of infected animals. In case of Ostertagia and Cooperia-infected calves, IgG is the main subclass that characterizes these infections. Total IgG levels have been used successfully to estimate humeral adaptive immunity to O. ostertagi in cattle (Premier et al. 2004) , as well as H. contortus in sheep (Kandil et al. 2015 (Kandil et al. , 2016 (Kandil et al. , 2017 . In sheep that were genetically resistant to H. contortus, serum IgG levels were significantly higher than in random-bred sheep (Gill et al. 2000) . As well as, high level of IgG was observed in T. colubriformis challenged sheep (Shaw et al. 1998) . However, in different cattle breeds; Guzerat, Brangus, Charolais and Brown Swiss, IgG activity triggered against adult worm crude antigen of Cooperia punctata or Mecistocirrus digitatus showed little differences (González-Garduño et al. 2017) .
Hence, the culmination of IL-4, IL5 and other interleukins mRNA expression (Th2 orientation), recruitment of eosinophils and MMC, IgA, IgE and IgG production result in an appropriate immune response which distort survival and establishment of GINs infection. This interference is manifested by various phenotypes of infected nematodes in resistant host.
Immune response manifestations
The immune responses against GINs resulting from exposure to L3, L4 and adult are manifested by the failure of larval establishment, the expulsion of adult worms, changes in the morphology of adult nematodes and the reduction in the fecundity of female nematodes, thus control the number of eggs excreted in the feces each day and contaminate the pasture. These manifestations are previously stated by many authors as parasitological evaluating parameters to host resistance (González et al. 2003; Meeusen and Piedrafita 2003; Miller and Horohov 2006; Prada et al. 2014 ).
Failure of larval establishment
The evidence for cell immunity in parasite rejection has been deduced from the attempts to block the final effector response and histopathology changes. Mechanism of rapid expulsion to infective larvae before they reach their intestinal niche, within few hours may occur. This rapid expulsion is a subsequent manifestation to MMC hyperplasia and globule leucocytes activation. Though, a negative correlation between the number of established larvae and MMC and globule cells is recorded (Meeusen and Piedrafita 2003) , while delayed expulsion occurs if these larvae reach their intestinal niche. The eosinophils and lymphocytes infiltration are responsible for this delayed expulsion; thus, they could kill and damage these larvae (Meeusen and Balic 2000; Meeusen and Piedrafita 2003) .
Reduction in the rate of development of larvae may also occur. This retarded larval growth needs multiple larval challenges and is stage-specific, to stimulate host immunity against this stage (Balic et al. 2000; González et al. 2003) . Otherwise, hypobiosis phenomena (arrested larval development) could occur in association with host resistance to GINs infection; O. ostertagi, H. placei, H. contortus, T. circumcincta and T. colubriformis. As well as, it could be affected with seasonal variation, strain and density of nematodes (González et al. 2003) .
Expulsion of adult nematodes
In ruminants, expulsion of adult GINs is uncommon after a primary infection. The developed resistance gradually increases in ruminants as a consequence of repeated exposure to infection, therefore acquired immunity specific to the adult induces an immediate hypersensitivity resulted in expulsion of such nematodes; O. ostertagi, H. placei, H. contortus, T. circumcincta and T. colubriformis (González et al. 2003) . Sometimes, a self-cure phenomenon (spontaneous expulsion of adult) occurs when massive numbers of larvae invade the host over a very short exposure period. This larval invasion results in IgE mediated hypersensitivity and increases abomasal pH, thus nematode expulsion happens (Miller and Horohov 2006; Garza 2014) .
Increased mortality and/or dampened establishment of nematode helminths result in low worm load. The recovered worm burden of Cooperia spp. was much lower than of Ostertagia spp. after mixed challenge infection and this diversity occurs due to earlier adaptive immunity developed against Cooperia spp. than Ostertagia spp. (Hilderson et al. 1995; Ploeger et al. 1995) .
Changes in morphology
The changes in worm morphology are exhibited as the size reduction of the vulval flap and reduced length of adult O. ostertagi, T. circumcincta and H. contortus (Sutherland et al. 1999; Gasbarre et al. 2001; González et al. 2003 ). This reduced length may be due to inhibited growth, a selective expulsion of large worms or shrinkage of worms during the infection (Miller and Horohov 2006) .
Decreasing in female fecundity
Decreasing in female fecundity and numbers of eggs excreted by an adult nematode is one of manifested measures that indicate immune resistance of the host against GINs. The female fecundity and parasite development were dampened in secondary infected lambs with H. contortus compared to primary infected animals (Lacroux et al. 2006) . IgA production may be a major mechanism in controlling fecundity of GINs and this response is influenced by diet quality (Toscan et al. 2017) . The number of eggs per female in Ostertagia spp., H. contortus and T. colubriformis in infected cattle, sheep and goats significantly reduced after previous exposure to infection (González et al. 2003) .
Factors affecting immune response to gastrointestinal nematodes
Immune responses developed against GINs infections are persuaded by the culmination of numerous factors that encountering the host-parasite relationship. These factors could be related to involved host, infectious nematode and/ or managing system that incorporated them (Angulo-Cubillán et al. 2007; Cooper and Eleftherianos 2016) .
Host related factors
Resistance to GINs is differed either between breeds of small and large ruminants (Hou et al. 2012; Garza 2014; González-Garduño et al. 2017) or between species (Huntley et al. 1995) . Genotypic selection of traits as a natural resistance to GINs recovers individuals which could increase activity of the expressed IL4, IL5, IL13 and increase production of IgE and IgA antibodies (Hou et al. 2012; Souza et al. 2015) . Genetic selection of lines of sheep or goats within a breed should be based on main phenotypic criteria related to low nematode fecal egg count (to improve host resistance), as well as criteria measuring production of animals under parasitic challenge (to improve host resilience) (Zvinorova et al. 2016) .
Arguably, Brangus and Brown Swiss breeds of cattle showed higher IgA levels in their sera and saliva than in Guzerat and Charolais breeds. However, Brangus and Guzerat breeds had higher eosinophils levels than that detected in Brown Swiss and Charolais breeds which developed against infection with GINs (González-Garduño et al. 2017). Additionally, prominent eosinophils infiltration is found in abomasal mucosa of Gulf Coast Native lambs when compared with Suffolk lambs nonetheless, both breeds displayed elevated MMC and IL13 levels when exposed to H. contortus infection (Garza 2014) .
At the species level, sheep has ample MMC in their gastrointestinal tract mucosa compared with goats. Thus, goats are susceptible to infection with T. circumcincta and T. vitrinus than sheep and sequentially the mast cell proteinase is found in higher concentration in infected tissues of sheep (Huntley et al. 1995) . In addition, infection of goats with H. contortus larvae unable to induce resistance against homologous challenge infection but recent reports have reported that some tropical goat breeds are genetically resistant to infection with H. contortus (Baker 1998; Zvinorova et al. 2016) .
The efficacy of the immune system increases with age of the animal, thus young animals are more susceptible to infection compared to older one. Therefore, young hosts acquire heavier infection than older hosts, nonetheless the developed immunity is weaker.
As well as, the physiological status of the animal influence host immunity, thus at the peri-parturient and post-parturient periods, the immune response becomes weaker against GINs infection (Miller and Horohov 2006; Garza 2014) .
Parasitic immune evasion strategies
Gastrointestinal nematodes evade the host's effector immune mechanisms by different ways. One of them is evasion from immunological memory which developed before by the infected host. The host can build specific immune response against common variant of adult's integument of infectious nematode, however one or more newly expressed variants can rise by this parasite to evade (Frank 2002; Kandil et al. 2016) . Also, most of the early larval stages of GINs represent a speedy molting at their intestinal niche to evolve to mature stages (1-5 days). This rapid switching restricts the specialized strategies of the host's immune system (Meeusen et al. 2005) .
Cystatins are cysteine protease inhibitors (have immunomodulatory effect) that secreted by nematodes to inhibit cysteine proteases such as legumains or cathepsin L and S, and/or to enhance production of anti-inflammatory IL10. Legumains are important to antigen processing and presentation, thus it interfere generation of MHC class II molecules and subsequently impair Th2 adaptive immune response, while cathepsin is involved in polypeptide synthesis. Also, cystatins mount upregulation of IL10 those downregulate Th2 cytokines and inducing anti-inflammatory effects (Shin et al. 2009; Sorci et al. 2013; Cooper and Eleftherianos 2016) . As well as, nematode helminths can produce specific component (ES-62) that interrupts the effector immune mechanisms, thus leading to dampen in eosinophils infiltration, MMC hyperplasia and impair B and T cell proliferation (Shin et al. 2009 ). Additionally, this parasite could release sperm-coating protein-like extracellular domain (SCP/TAPS) which plays a role in the inhibition of neutrophils and platelets activity. Recently, micro-RNAs containing vesicles are secreted by some nematode species. These vesicles are taken by macrophages and thus downregulate IL33 and impair Th2 immune response (Quintana et al. 2015) .
Interestingly, specific immune responses could differ according to nematode species. For instance, immunity developed against O. ostertagi is weak and slowly, while Oesophagostomum radiatum triggers rapid effective immune response that may avoid reinfection (Gasbarre 1997). On the other hand, Cooperia spp. or H. placei, require a longer period of exposure before this level of protective immunity is seen (Balic et al. 2000) .
Management factors
The manipulation of the host nutrition (increasing of energy and protein component in diet) could represent a choice to overcome pathophysiological consequences of parasites and improve immunological status of the host (Torres-Acosta 2003). The addition of food supplements to animal's ration as copper oxide wire particles, cobalt and phosphorus has an effective role in reducing fecal nematode egg count (Sykes and Coop 2001; Burke et al. 2007; Soli et al. 2010) . Also, vitamin E supplement causes negative relationship between eosinophilia and worm burden (Garza 2014).
Also, usage of bioactive forages containing tannins has direct effect on GINs infections, thus impair their larval establishment and decrease female fecundity. Moreover, these tannins affect development of free-living stages in dung (Martínez-Ortíz-de-Montellano et al. 2010; Shalaby 2013) . Thus, well-fed animals reasonably respond better to nematode infections than those with low food intake (Bricarello et al. 2005; Toscan et al. 2017) .
The use of short term grazing rotation system in order to affect survival of L3 stages on the pasture have been found effective in tropical and subtropical area compared to temperate area in particular H. contortus larvae (Barger et al. 1994; Garza 2014) . Also, pasture contamination with infective larval stages could decrease if highly susceptible animals to GINs infection are culled (Pisseri et al. 2013) .
The regular usage of chemo-prophylactic and chemotherapeutic drugs schedule leads to evolve GINs resistance strains to commercial anti-helminthic drugs on some evaluated cattle farms (Ramos et al. 2016 ). Alternatively, usage of candidate vaccine to control GINs in particular H. contortus has a promising trend to control this infection. For instance, recombinant rHcp26/23 vaccine induces protective immune response against sheep haemonchosis (Kandil et al. 2017) . Additionally, route of administration could affect induced immune response. The potent mucosal and IgA responses were induced by direct injection of antigen into intestinal and rectal mucosa than other route of administration (Premier et al. 2004) .
Conclusion
• This review highlights GINs-ruminants relationship and the effector immune strategies developed against GINs infections. The fundamental understanding to this relationship could emerge better diagnostics and control to GINs infections in ruminants.
• To combat GINs infections, increased mucus, eosinophilia, MMC activation, Th2 immune response polarization and production of specific IgA, IgE and IgG antibodies are elicited as typical features which bound to developed immunity by the infected host.
• Th2 cytokines coordinate the effector cell mechanisms and play pivotal role in immune strategies against GINs infection.
• As clearly, identification of key molecules associated with the immune responses developed by the host could prompt improvement of an appropriate protective immune strategy.
• Insights concerning host resistance, nematode immunomodulatory mechanisms and surrounding environments could deliver hallmarks to overcome anthelminthic resistance phenomenon and drug residues in animal products. As well as, these insights could improve genetic selection of resistant and resilient host.
Recommendations
• Genetic selection of such ruminants within a breed could improve host resistance and resilience against GINs.
• Improvement of host nutrition (increasing of energy and protein component in diet), besides the use of bioactive forages containing tannins and food supplements could improve host immune response that triggered against GINs.
• The use of short term grazing rotation system and limitation of chemoprophylactic drugs could control GINs infections.
• Routine fecal examination before treatment and culling of highly susceptible hosts to GINs could overcome anthelminthic drug resistance phenomenon and drug residues in animal products.
• The use of candidate vaccine could maintain a protective immunity pathway to control GINs infections.
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